Phrenic nerve palsy treated by continuous positive pressure breathing by nasal cannula
Early respiratory failure and death may occur in newborns with phrenic nerve palsy (Richard et al., 1957) . We report 2 cases where newborn infants with respiratory failure due to this condition were successfully managed by continuous positive airway pressure (CPAP) breathing administered by nasal cannula.
Methods Acid-base status and blood gases were determined on samples from the radial artery or the descending aorta by a micro-Astrup apparatus and a Clark-type microelectrode (Orzalesi et al., 1967) . CPAP was administered by a twin nasal cannula and an apparatus as described by Caliumi-Pellegrini et al. (1974) . The central venous pressure was measured with an umbilical venous catheter and a Hewlett Packard 1280C pressure transducer and 7819A pressure monitor, visualized by a 7803A monitor scope. The tip of the catheter was located at the right atrial inlet by an intemal electrocardioscopical method (Nodari, Agostino, and Bucci, 1973) .
Case reports Case 1. A male, bom at 35 weeks' gestation in a small community bospital. The mother had a small pelvis, and the presentation was a breech dorsal posterior. The delivery was by a midwife, who had to exert considerable traction to extract the baby. At birth the infant was cyanosed but breathing began spontaneously, and he remained normal for about 30 minutes after delivery. Thereafter, respiratory movements became increasingly distressed.
He was transferred to this unit at 6 hours of age, with a weight of 2640 g, severe respiratory distress, and cyanosis in 100% oxygen. Deep inspiratory excursions of the chest, with marked withdrawal of the upper abdominal quadrants bilaterally, were conspicuous. Fine rales were heard over both lungs. The heart sounds, a rate of 150/min, were not displaced. The abdomen was scaphoid, and the liver edge was palpable at the right costal margin. There was decreased muscular tone and movement of the upper limbs, a weak Moro response, absent suction and rooting reflexes, and a weak palmar and plantar grasp. At 7 hours of age, a chest x-ray showed marked decrease of expansion of lung fields, right diaphragm at the 6th rib and left diaphragm at the 7th intercostal space, atelectasis at both upper lobes, slight shift of the mediastinum to the left. This suggested phrenic nerve palsy (complete on the right side, and possibly present to some degree also on the left side).
An umbilical venous catheter was inserted up to the right atrial inlet. An umbilical arterial catheter was also introduced. After 22 mEq NaHCO3 had been administered because of severe combined acidosis, the acid-base status was normal but the arterial Po2 was relatively low in 100% oxygen (Table I, at 8 hours). In the first month of life weight gain was poor, but then improved. At age 60 days on chest x-ray the right diaphragm was at the 4th intercostal space, and the mediastinal shift persisted. Oxygen was discontinued in the third month, and the infant was discharged. Tone and motility of the right upper limb were now normal.
Discussion
In both infants the diagnosis of right phrenic nerve palsy was established by the clinical and x-ray findings (and in Case 1 was also suggested by the history). In Case 1 clinical and x-ray findings suggested that initially the activity of the left diaphragm was also impaired. Respiratory failure developed rapidly in both patients, and was dramatically relieved by CPAP breathing. In Case 1 a gradual improvement occurred during and after CPAP breathing, and in the second month of life clinical and laboratory signs of respiratory insufficiency were no longer seen. In Case 2 the respiratory symptoms improved more slowly, and the phrenic nerve palsy persisted.
Respiratory function studies in neonatal diaphragmatic disorders have been performed by Murdock, Burrington, and Swyer (1971 Silverman's retraction score of 4. Occasional rales were heard posteriorly. 30% oxygen was sufficient to relieve the cyanosis. There was also a proximal brachial palsy of the right arm. Chest x-ray showed decreased expansion of the right lung and a shift of the mediastinum to the left, with the right diaphragm at the 6th rib, and the left diaphragm at the 9th rib. Blood gas studies are given in Table II (13 hours). In the next 4 days respiratory distress gradually increased, and the F,o2 had to be increased gradually to 0 85 in order to maintain a Pao, between 47 and 90 mmHg. On day 4, a chest x-ray showed increased opacification of both lung fields, with right diaphragm at the 6th and left diaphragm at the 7th intercostal space, and with increased displacement of the mediastinum. ECG showed low voltage T waves in all leads.
CPAP breathing by nasal cannula was started on the 5th day of life, and was immediately followed by a gradient and Paco2 levels generally within normal limits, and suggested that this defect was mostly due to intrapulmonary venous admixture. In adults with unilateral relaxation of the diaphragm and without associated pulmonary disease, Poppius, Varpela, and Korhonen (1969) found slightly increased dead-space ventilation and venous admixture, but no signs of asynchronous ventilation; however, one patient with bilateral involvement had abnormally low Pao2 and high Paco2 levels, with dyspnoea at rest.
In Case 1, though other causes of increased central venous pressure could not be excluded, the high pressure in the right atrium suggested that intrapleural pressure was close to zero. This, and the marked decrease of lung expansion and transparency on chest film, indicated that lung volumes were much decreased and well below the 'closing volume' (Mansell, Bryan, and Levison, 1972) of several peripheral lung units, explaining the large alveolar-arterial P02 gradient during high oxygen breathing. In both patients, breathing with a CPAP of 5 to 7 cm H20 presumably restored a transpulmonary pressure gradient high enough to reopen part of these units.
Early neonatal death has occurred not uncommonly in phrenic nerve palsy, being usually attributed to pneumonia (Richard et al., 1957) . However, in some patients dying in the early days of life (Keuth, 1971) , as well as in one dying at the age of 47 days (France, 1954) , massive atelectasis was the only postmortem finding, suggesting that lung collapse per se may cause death in some cases. Mechanical ventilation has been proposed in the treatment of early pulmonary failure in neonatal phrenic nerve palsy (Keuth, 1971 (Hagberg et al., 1969) .
Recently, specific enzyme deficiencies have been shown in various tissues (Andrews et al., 1971; Austin et al., 1970; Miyatake and Suzuki, 1972; Suzuki, Schneider, and Epstein, 1971; Suzuki and Suzuki, 1971 ) making a diagnosis possible before death by an assay of peripheral leucocytes from a patient, or even amniocytes from a fetus at risk. 
